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BULK VESSEL HEATER SKID FOR 
LIQUEFIED COMPRESSED GASES 

BACKGROUND OF THE INVENTION 

This invention deals in general With heating a container 
that stores and dispenses compressed gas and, speci?cally, 
With a heater arrangement attached to a skid for heating bulk 
vessels that store and dispense lique?ed compressed gas. 
Aproblem exists Where compressed gases are dispensed 

from cylinders. As the high pressure gases are emitted from 
the cylinder the expansion of the gases absorbs thermal 
energy Which causes a cooling at the point of dispensation 
that propagates throughout the cylinder to cause an unde 
sirable cooling of the cylinder Walls and of the gases Within 
the cylinder. Cooling at the valve or regulator can cause 
frosting that creates other problems With gas How in the 
overall system. Where the gases are compressed and lique 
?ed Within the cylinder, the evaporation of liquid to gas also 
causes cooling of the liquid, gas and cylinder. This causes 
the cylinder pressure (vapor pressure) to drop. The effect of 
the cooling is to reduce the maximum steady state ?oWrate 
that can be obtained from the cylinder. Extremely loW 
temperatures can be created Which can cause “embrittle 
ment” of the cylinder that can result in a rupture and 
explosion of the highly pressuriZed cylinder. 

The trend in industry is to require higher gas ?oW rates 
from larger cylinders Which increases the cooling problems. 
By using larger cylinders of lique?ed compressed gases the 
supporting and maintenance of numerous small cylinders is 
eliminated and space is conserved. These larger cylinders 
are called “bulk vessels” or “tonnage containers.” Apopular 
type of bulk vessel is, for example, the “Y” cylinder manu 
factured by Air Products and Chemicals MLRM of 
AllentoWn, Pa. The “Y” cylinder is 24“ in diameter by 
approximately 7‘ long and Weighs about 1150 lbs., empty. 
Chemicals such as HCl and ammonia are commonly dis 
pensed in bulk gas delivery systems using the “Y” cylinder. 
Where the current demand is for gas ?oWs in the range of 
100—500 standard liters per minute (slpm) it is difficult to 
provide a rate higher than about 25 slpm for some gases 
because of the adverse effects from cooling in bulk gas 
delivery systems using the “Y” cylinder. 

Various measures exist in the prior art for trying to 
maintain the temperature of a dispensing cylinder. One 
approach is to cover the cylinder in a thermal insulation 
material Which helps to sustain the temperature of the 
cylinder. HoWever, merely using insulation does not keep 
the cylinder at sufficiently high temperatures and may actu 
ally prevent ambient heat from heating the cylinder. More 
effective is the use of heaters applied to the cylinder. 
HoWever, the cylinders are handled and stored by placement 
or attachment to skeletal frameworks, or “skids.” This 
makes it cumbersome to attach heaters to the cylinder. The 
heaters must be attached When the cylinders are taken from 
a transport skid and placed onto a storage skid. The heaters 
must later be removed When the cylinder is exhausted and 
needs to be sent back for re-?lling. 

Typically, a cylinder is not Well-suited for handling, 
transportation, storage, etc. This is because the cylindrical 
shape is unWieldy and the elongated cylinder is easily tipped 
or rolled and is unstable in a standing or laying position. 
Further, the cylinder’s shape does not lend itself Well to 
being lifted. For these reasons, a rectangular frameWork, or 
“skid,” is used Which receives a pressuriZed cylinder into a 
skeletal structure that is designed for easier transporting, 
storing and support. Typically, such a skid Will include slots 
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2 
for fork-lift access, tie-doWn fasteners to secure the cylinder 
and end stops for positioning the cylinder. The skid also 
provides a degree of protection to the cylinder. An example 
of a prior-art skid plus cylinder assembly is shoWn in FIG. 
7A. The skid shoWn in FIG. 7A is not suitable for the 
application of heaters because there is no clearance betWeen 
the cylinder and transport. Another prior art cylinder is 
shoWn in FIG. 7B. The skid of FIG. 7B has adequate 
clearance to alloW strap-on heaters as shoWn. Temperature 
sensors are mounted to straps sense the temperature about 
mid-Way up the cylinder. 
A transport skid is “loaded” With a cylinder at the gas 

producing manufacturer’s site. The transport skid plus cyl 
inder assembly is then shipped to a purchaser, such as an end 
user. The end user places the cylinder plus skid assembly at 
the point of dispensation of the gas. Appropriate hookups are 
made for controlled dispensing. 

In order to alleviate the cooling effect resulting from the 
dispensing of gas, a current approach is to place heaters 
around the cylinder. HoWever, such a procedure is time 
consuming and cumbersome. This is because many of the 
transport skids provide little room to secure the heaters. In 
some cases, the cylinder might have to be released from the 
skid to properly attach the heaters. 

Thus, it is desirable to have a more ef?cient method for 
providing heating to cylinders such as “Y” cylinders that 
store lique?ed compressed gases. 

SUMMARY OF THE INVENTION 

The present invention provides a skid With built-in heat 
ing elements. The skid incorporates all of the features 
necessary for handling a cylinder While also providing a 
means for heating the cylinder in a controlled manner. A 
control system for the heaters is also disclosed. 

In one embodiment a heater skid for heating and handling 
a cylinder that stores and dispenses compressed gas is 
disclosed. The heater skid comprises a frameWork for 
receiving the cylinder and one or more heaters coupled to the 
frameWork so that the received cylinder is proximate to the 
heaters, thus, alloWing the heaters to heat the cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a Y-cylinder and the heater skid of the 
present invention; 

FIG. 2A is a cross-sectional diagram of the cylinder, 
lique?ed gas, heaters and support ribs; 

FIG. 2B is a diagram of the skid With side panels attached; 
FIG. 2C is a diagram of the skid With side panels and top 

frameWork; 
FIG. 2D is a diagram ofthe skid With a thermal blanket 

applied; 
FIG. 3 is a mechanical draWing of the cylinder plus skid 

assembly; 
FIG. 4 is a block diagram of the heater control system; 

FIG. 5 is a ?rst schematic diagram of the heater control 
system; 

FIG. 6 is a second schematic diagrm of the heater control 
system; 

FIG. 7A is a prior-art diagram of a cylinder plus skid 
assembly; 

FIG. 7B is a prior-art diagram of a cylinder plus skid 
assembly With heaters; 

FIG. 8 is a ?rst graph of test results; 
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FIG. 9 is a second graph of test results; and 
FIG. 10 is a third graph of test results. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shoWs a Y-cylinder 100 in cutaway vieW. Line 
A—A‘ is the longitudinal axis of the cylinder. Although the 
invention is discussed With respect to a speci?c cylinder, 
namely, a “Y” cylinder it should be apparent that the 
invention is adaptable for a container of any arbitrary shape. 

Y-cylinder 100 includes top end 102 Which includes a 
valve assembly for dispensing the compressed gas and a 
bottom end 104 Which houses a safety cluster for emitting 
the compressed gas inside the cylinder should the gas exceed 
a predetermined pressure. 

FIG. 1 also shoWs heater skid assembly 110. The dashed 
lines betWeen cylinder 100 and heater skid 110 shoW the 
approximate position of the cylinder When it is received by 
a skid. It is of interest to note the points of contact of the 
cylinder With the heater skid shoWn in FIG. 1. In the 
preferred embodiment there Will be six points of contact 
betWeen a typical Y-cylinder and the heater skid’s support 
ribs. The six support ribs are positioned in symmetrical pairs 
at opposite sides of the longitudinal axis A—A‘. In FIG. 1, 
four of the six support ribs can be seen as support ribs 116, 
118, 120 and 122. The ribs Which are not shoWn are those 
symmetrically opposing support ribs 120 and 122. The 
support ribs are planar pieces of metal approximately one 
half inch thick. Because the support ribs have straight edges 
at about a 45 degree angle to the direction of gravity in the 
orientation as shoWn, the cylinder Will contact each rib at 
only one point. This ensures that the thermal transfer from 
the cylinder to the frameWork (Which could act as a heat 
sink) is minimiZed. In the preferred embodiment, each 
support rib is 1/2“ thick and is provided With a rubber pad at 
the point of contact With cylinder 100. Naturally, other 
material, or no material at all, may be used. The rubber 
provides extra thermal insulation betWeen cylinder 100 and 
skid 110. Because the support ribs are inclined toWard the 
received cylinder, they assist in centering the cylinder for 
proper placement Within the skid. 
An additional point of contact can occur near either the 

top or bottom ends of the cylinder Which may contact end 
stops 112 or 114. Points of the side of the cylinder near the 
top or bottom ends can contact a plate at each of the end 
stops inclined at a 45° angle With respect to the longitudinal 
axis of the cylinder. In actual use, the cylinder Will only 
contact one or the other of the top or bottom plates because 
the plates are separated by a distance slightly greater than the 
gross length of cylinder 100. 

Once cylinder 100 is placed onto skid 110, heaters 130 
and 132 are in full contact With cylinder 100. Springs such 
as spring 140 serve to keep heaters 130 and 132 in tensioned 
contact With the cylinder. Note that heaters 130 and 132 are 
positioned (Without a received cylinder) slightly above the 
support ribs. When a cylinder is received by skid 110, the 
Weight of the cylinder presses doWnWard on heaters 130 and 
132 Which causes the received cylinder to sink until the 
Walls of the cylinder contact the supporting ribs. This design 
ensures that heaters 130 and 132 Will be placed in suf?cient 
thermal contact With cylinder 100 While support for the 
cylinder comes from the support ribs, not the heaters. 

FIG. 2A shoWs a cross-sectional vieW of cylinder 100 and 
support ribs 116 and 118. In general, identically numbered 
parts in different Figures denote the same item. Liquid 150 
Within cylinder 100 is shoWn pooled at the bottom of the 
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cylinder by gravity as the cylinder rests in the skid. Heater 
130 is shoWn proximate to cylinder 100 and Wrapping 
almost halfWay around cylinder 100. That is, the loWer half 
of the cylinder is substantially covered by heater 130 (and 
heater 132 Which is not shoWn but Which is directly behind 
heater 130 in FIG. 2A). For illustrative purposes, FIG. 2A 
shoWs heater 130 as not quite contacting cylinder 100. In 
actual practice the heater Would be contacting the cylinder. 
The preferred embodiment uses heaters formed of ?exible 
?at sheets of silicone rubber With Wire-Wound heating 
elements embedded Within the sheets. 

The lique?ed gas 150 in FIG. 2A is shoWn at a loW level 
as it Would be near the end of exhaustion of the compressed 
gas from the cylinder. When the cylinder is full, the lique?ed 
gas sumps to contact the cylinder Walls extending above the 
heater coverage (not shoWn). Gas is dispensed until the 
liquid level has dropped so that the lique?ed gas occupies 
only about 10% volume of the cylinder. This brings the 
contact area of the lique?ed gas to beloW the contacted 
heater area as shoWn in FIG. 2A (shoWn, but not to scale). 
The heaters are of suf?cient dimension to heat about 17.5 “ 
on either side of the B—B‘ center line so that a large amount 
of cylinder Wall not contacting the liquid is not heated When 
the gas is near depeletion. This provides ef?cient heat 
transfer to the liqui?ed gas in the full range of full-to-empty 
use. The heaters are each about 24“ long so that approxi 
mately 48“ along the length of the cylinder is heated. 

Although the preferred embodiment is directed to com 
pressed lique?ed gas, the invention can also apply to non 
lique?ed compressed gas containers. In this case, the con 
cern of heater dimension to match the liquid level Would not 
be a concern. In fact, the heaters can be placed arbitrarily 
about the cylinder as, for example, on the top of the cylinder, 
at the sides, at the ends or along the bottom as discussed. 
Some compressed chemicals also result in the chemical 
obtaining a solid state. In this case, the thermal consider 
ations of the chemical in going from a solid to a liquid, and 
then from a liquid to a gas are similar to those described here 
for a liqui?ed gas chemical. A similar heating approach to 
that disclosed here can be employed to apply heat to the area 
of the container Where most of the solidi?ed or liqui?ed 
chemical is situated. 

FIG. 2B shoWs panels 140 secured to skid 110 of FIG. 1. 
The preferred embodiment uses painted stainless steel pan 
els for durability as the skid assembly may be exposed to 
Weather conditions. Panels 140 form part of a structure that 
completely encloses a cylinder as discussed beloW. In FIG. 
2B, the panels include handles such as 160 and 162. FIG. 2B 
also shoWs clam shell exhaust lip 164 Which acts to protect 
the protruding valve of a received cylinder (not shoWn). 
Conduit exit holes at 166 are also shoWn Which provide a 
path for the sensor monitoring signals discussed beloW. 
Also, fork-lift access slots are present at 168 and 170 and 
other places around the panels. 

FIG. 2C shoWs a cylinder 100 resting in skid 110 and 
surrounded by panels 140. Additional structure in the form 
of standoff 180 is shoWn attached to the skid and panels. 
Standoff 180 provides a small amount of space betWeen the 
standoff structure and the cylinder. 

FIG. 2D shoWs insulation blanket 190 secured by tie 
doWn straps such as 192. The blanket is Weather proof Te?on 
impregnated ?berglass cloth. The standoff design ensures 
that there is enough air next to the cylinder Within the 
enclosure formed of the blanket, panels and skid to alloW 
convective heat transfer to minimiZe thermal loss to the 
external environment. The light Weight of the blanket and 
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readily accessed tie-doWn points allow the blanket to be 
quickly removed or affixed to the skid assembly. 

FIG. 3 is a mechanical side-vieW of the complete skid 
assembly including cylinder 100, skid 110, panels such as 
140, standoff 180 and thermal blanket 190. The Weight of the 
skid assembly Without the cylinder is about 330 lbs. The skid 
is approximately 85.8“ long, 27.12“ Wide and 33.0“ high. 
The assembly provides a fully-enclosed housing for a cyl 
inder both protecting the cylinder and alloWing more accu 
rate control over the cylinder’s temperature. Thus, the “Y” 
cylinder heater is designed to encase the cylinder in a 
true-to-form ?t to the cylinder Walls of the heating elements. 
The cylinder is adequately supported, insulated and has an 
exterior Weather-proof cover. The cylinder necks, Which 
include the cylinder valve on one end and the safety cluster 
on the other remain outside the heater enclosure. Exhaust 
connections are incorporated on both ends of the heater 
enclosure (not shoWn) to capture any emissions from the 
cylinder valve or the safety cluster. The entire heater and 
skid assembly can be lifted on any side by means of forklift 
or overhead crane. 

The heating elements are located in the bottom of the 
heating chamber along the sides of the cylinder Where liquid 
Would pool When the cylinder is placed into the skid. This 
provides heat to the liquid region of the cylinder Where it is 
most effective in maintaining the vapor pressure inside the 
cylinder. 

FIG. 4 shoWs a schematic illustration of the heater control 
system and sensors. 

In FIG. 4, cylinder 100 is heated by heaters 302 and 304. 
Each heater includes tWo temperature sensors incorporated 
Within the heater, itself. Heaterl has a heater temperature 
sensor 306 and a part temperature sensor 308. LikeWise, 
Heater2 has a heater temperature sensor 310 and a part 
temperature sensor 312. The part temperature sensors are 
used to sense the temperature of the cylinder. Although the 
part temperature sensors are embedded into the heaters, each 
part temperature sensor is surrounded by a 1-inch diameter 
“dead Zone” that is devoid of heating elements. This alloWs 
the part temperature sensors to be responsive to the tem 
perature of the cylinder rather than the temperature of the 
heater, itself. The heater temperature sensor information is 
conveyed by electrical signals to heater control 320 along 
connection 322. The part temperature sensor information is 
conveyed along connection 324. Other temperature sensor 
arrangments are possible. Heater control 320 alloWs an 
operator to set limits on both the heater maximum tempera 
ture and the cylinder (or “part”) maximum temperature. In 
the preferred embodiment the heater maximum temperature 
is set to less than 125 degrees Fahrenheit. 

The part temperature sensor information is used to control 
the poWer to the heaters transmitted along connection 326 to 
regulate the amount of heat provided to the cylinder. This is 
done in accordance With a desired cylinder temperature, also 
set by an operator, and the sensed cylinder temperature 
provided by part temperature sensors 308 and 312. Note that 
although the sensor and heater control signals for each 
heater are shoWn combined, the system can also Work Where 
the heaters are treated as separate subsystems Without shar 
ing signals. 

FIGS. 5 and 6 are schematic diagrams shoWing the actual 
heater control system used in the preferred embodiment. 

In testing preliminary versions of the present invention, it 
is found that use of a heater skid alloWs sustained ?oW rates 
of ammonia in excess of 450 slpm. This rate is an estimate 
of hoW much ammonia can be dispensed based on tests 
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performed using CO2. The actual CO2 ?oW rate is higher. 
FloW rates are highly dependent on the chemical properties. 
Tests shoWed that the sub-cooling of the cylinder Walls Was 
substantially limited. 

FIG. 8 is a graph of test results of the heater skid. A “Y” 
cylinder of CO2 Was used from Which ?oW rate for other 
chemicals can be computed. In FIG. 8, a target ?oW rate in 
excess of What Would normally be desired Was used. The 
graph shoWs the temperature decreasing and then rising as 
the heaters are activated. The gas temperature increases as a 
result of the heating and the How rate is much improved. 

FIG. 9 shoWs cylinder heat-up as a function of time for the 
test case. 

FIG. 10 shoWs a test simulation at How rates that Would 
normally be expected at a customer site. The starting How is 
about 1 pound per minute. After 0.5 hours the How is 
increased to 2 pounds per minute. After 0.5 hours the How 
Was again set to 1 pound per minute. The How is then 
increased to 3 pounds per minute for 0.5 hours and then back 
doWn to 1 pound per minute. 

Although the invention has been described With respect to 
a speci?c embodiment, it should be readily apparent that 
deviations from the speci?c embodiment are possible and 
are Within the scope of the invention. For example, various 
shapes and siZes of cylinders may be used by making a 
compatible change in the shape and siZe of the skid. Any 
type of controllable heat source can be employed as a heater. 
The heaters need not be applied to one side (or bottom) of 
a cylinder, but can be placed in any manner or orientation as 
long as a desired heating is achieved. In a variation from the 
preferred embodiment, the heaters can actually perform the 
role of supporting the cylinder provided the heaters are 
strong enough. Many types of heating control systems can 
be employed that Will provide adequate results. Thus, the 
scope of the invention is to be determined solely by the 
appended claims. 
What is claimed is: 
1. A heater skid comprising 
a frameWork for receiving a container, Wherein the con 

tainer stores and dispenses compressed gas; 
one or more heaters coupled to the frameWork so that the 

received container is proximate to the heaters, thus 
alloWing the heaters to heat the container; and 

a ?exible coupling of the heaters to the frameWork such 
that the heaters are in tensioned contact With the 
received container. 

2. The heater skid of claim 1, Wherein the container is 
cylindrical and a portion of the gas in the cylinder is 
lique?ed, Wherein the cylinder is supported in a horiZontal 
position so that gravity causes the lique?ed gas to rest at a 
bottom side of the cylinder, the heater skid further compris 
ing 
means for positioning the heaters to heat a portion of the 

bottom side of the cylinder on Which the lique?ed gas 
is resting. 

3. The heater skid of claim 1, further comprising 
one or more support ribs coupled to the frameWork so that 

the received container rests on the support ribs While 
the received container is proximate to the heaters. 

4. The heater skid of claim 1, Wherein the ?exible 
coupling includes one or more springs. 

5. The heater skid of claim 1, further comprising 
one or more support ribs coupled to the frameWork so that 

the heaters are in tensioned contact With the received 
container While the received container rests on the 
support ribs. 
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6. The heater skid of claim 5, Wherein the container is an 
elongated cylinder and has a longitudinal axis along its 
length, Wherein the cylinder has a top and bottom, the heater 
skid further comprising 

?rst and second heaters, Wherein the heaters are rectan 
gular sheets of ?exible material positioned side-by-side 
and parallel to the longitudinal axis, Wherein the heat 
ers Wrap around portions of the received cylinder; and 

six support ribs coupled to the framework, Wherein the six 
support ribs are arranged as pairs of support ribs With 
each support rib in a pair positioned on an opposing 
side of the longitudinal axis, Wherein a ?rst pair of 
support ribs is betWeen the ?rst heater and the top of the 
cylinder, Wherein a second pair of support ribs is 
betWeen the tWo heaters, and Wherein a third pair of 
support ribs is betWeen the second heater and the 
bottom of the cylinder. 

7. The heater skid of claim 6, Wherein the support ribs are 
panels cut at a 45 degree angle so that the received cylinder 
contacts each support rib substantially at a single point so as 
to reduce thermal conductivity. 

8. The heater skid of claim 7, further comprising 
one or more fork-lift access holes in the framework. 

9. The heater skid of claim 7, further comprising 
one or more tie doWns for alloWing an insulating blanket 

to be secured to the frameWork thus covering the 
received cylinder and insulating the received cylinder. 

10. A heater skid comprising 
a frameWork for receiving a cylinder, Wherein the cylinder 

stores and dispenses compressed gas and is elongated 
and has top and bottom ends; 

?rst and second heaters, Wherein the heaters are rectan 
gular sheets of ?exible material positioned side-by-side 
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and parallel to the longitudinal axis, Wherein the heat 
ers Wrap around portions of the received cylinder; 

a ?exible coupling of the heaters to the frameWork such 
that the heaters are in tensioned contact With the 

received cylinder; and 

six support ribs coupled to the frameWork, Wherein the six 
support ribs are arranged as pairs of support ribs With 
each support rib in a pair positioned on an opposing 
side of the longitudinal axis, Wherein a ?rst pair of 
support ribs is betWeen the ?rst heater and the top end 
of the cylinder, Wherein a second pair of support ribs is 
betWeen the tWo heaters, and Wherein a third pair of 
support ribs is betWeen the second heater and the 
bottom end of the cylinder. 

11. The heater skid of claim 2, Wherein the area of the 
bottom side of the cylinder Wall contacted by the lique?ed 
gas varies from a maximum area to a minimum area, the 

heater skid further comprising: 

a heated area de?ned by placement of the heaters that is 
completely overlapped by the maximum area; and 

Wherein the heated area substantially overlaps the mini 
mum area. 

12. The heater skid of claim 11, Wherein the cylinder is 
approximately 24 inches in diameter, Wherein the heated 
area extends approximately 34 inches about the circumfer 
ence of the cylinder centered about the bottom side. 

13. The heater skid of claim 12, Wherein tWo rectangular 
heaters are used positioned end-to-end longitudinally along 
the cylinder. 


